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A method for predicting the aerodynamic lifting surface characteristics 
of wing-horizontal tail configurations or canard wing configurations at 
supersonic speeds is discussed. The numerical solution has been programed 
for a digital computer and is part of a complex of computer programs used 
in the design, optimization, and waluation of aircraft configurations at 
supersonic speeds. The method is an extension of the Carlson-Middleton 
numerical solution for lifting surfaces, which is briefly rwiewed. The 
present method predicts lift, drag, and moment characteristics over a 
range of lift coefficients and for various control settings. Theoretical 
and experimental data are compaxed for wing-horizontal tail configurations 
and for canard-wing configurations at various Mach numbers. These compari- 
sons show both the basic data with control deflections and some final 
trimmed drag polars. Some data are also presented to show the extent to 
which program limitations affect the accuracy of the analytic methods. 
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weighting fac tor  fo r  p a r t i a l  gr id  elements 

mean geometric chord 

drag coefficient ,  D / ~ S  

l i f t  coefficient ,  L/¶S 

pitching-moment coefficient ,  M1 /qsT 

pitching-moment coefficient  a t  zero l i f t  

increment i n  Cmo f o r  control  deflect ion 

s t a b i l i t y  level ,  measured i n  the v i c in i ty  of zero l i f t  
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l i f t  

coordinates of influencing gr id  elements 
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dynamic pressure 

grid element influence function 

wing reference area 

downwash strength 

Cartesian coordinate system, x-axis streamwise 

camber surface ordinate 

angle of a t tack  

horizontal t a i l  deflection, pos i t ive  t r a i l i n g  edge down 

canard deflection, posi t ive t r a i l i n g  edge down 

f l ap  or  elevon deflection, posi t ive t r a i l i n g  edge down 

wing 

body plus ve r t i ca l  t a i l  
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With the  a r r i v a l  of the supersonic j e t  era ,  t h e  aerodynamicist has rea l ized  Ohat the  c h a r a c t e r i s t i c s  of a 
configurat ion can no longer  be considered t h e  sum of  the  c h a r a c t e r i s t i c s  of  i t s  component p a r t s .  Mutual 
aerodynamic in te r fe rence  between components has a s i g n i f i c a n t  e f f e c t  on t h e  o v e r a l l  aerodynamic charac- 
t e r i s t i c s  of a configuration; a s  a consequence, extensive wind-tunnel t e s t i n g  must be done f o r  configura- 
t i o n  design and ana lys i s .  As an a l t e r n a t i v e ,  t h e  aerodynamicist can use a n a l y t i c  techniques f o r  much of 
the preliminary design and evaluat ion work with wind-tunnel t e s t i n g  used f o r  f i n a l  v e r i f i c a t i o n .  

NASA's Langley Research Center has been working i n  recent  years toward t h e  development of a systematic 
method of ana lys i s  f o r  supersonic configurat ions u t i l i z i n g  high-speed d i g i t a l  computers. From t h i s  
e f f o r t  has evolved a complex of computer programs used t o  est imate wave drag, sk in- f r ic t ion  drag, and 
drag-due-to- l i f t  of  supersonic a i r c r a f t  configurations. Unt i l  recent ly,  it has been necessary t o  estimate 
s t a b i l i t y  and control  c h a r a c t e r i s t i c s  using empirical techniques, o r  t o  ob ta in  them from wind-tunnel da ta ,  

The method and r e s u l t s  of modifying t h e  l i f t i n g - s u r f a c e  ana lys i s  program t o  p r e d i c t  s t a b i l i t y  and contra: 
c h a r a c t e r i s t i c s  f o r  t a i l l e s s ,  wing-horizontal t a i l ,  and canard-wing configurat ions a r e  presented i n  t h i s  
paper. The experimental da ta  presented were taken primari ly  from references (7) through (15).  

DISCUSSION 

A block diagram i l l u s t r a t i n g  t h e  Langley supersonic ana lys i s  computer program complex i s  shown i n  f i g w e  1. 
I n  b r i e f ,  the  configurat ion t o  be analyzed i s  reduced t o  a numerical model i n  which a l l  wing coordinates, 
thickness  r a t i o s ,  camber l i n e s ,  body contours, empennage, and so for th ,  a r e  expressed i n  x, y, and 
z coordinates, a s  a computer card deck. This numerical model, o r  components of  it, i s  then input  t o  t h e  
selected computer program and t h e  desired component of  drag i s  calculated.  

An i l l u s t r a t i o n  of a t y p i c a l  numerical model i s  shown i n  f i g u r e  2.  The complexity of the  l~umerical model. 
and t h e  a t t e n t i o n  t o  d e t a i l  i n  t h e  descr ip t ion  of t h e  configuration a r e  obvious i n  t h i s  drawing. The 
drawing, which i s  machine p lo t ted  from a tape made using t h e  numerical model a s  input ,  serves a very useful  
funct ion i n  t h a t  it provides a check on t h e  accuracy of t h e  numerical model. Misplaced decimals o r  
incor rec t  numbers become q u i t e  obvious i n  these drawings, which may be three-view, oblique, o r  perspec-t,iiie. 

The th ree  pr inc ip le  programs required t o  e s t a b l i s h  a b a s i c  drag polar  a r e  t h e  sk in- f r ic t ion  drag program. 
the  wave drag program, and the  drag-due-to- l i f t  program. A t y p i c a l  drag polar ,  i l l u s t r a t i n g  the use of 
these  th ree  programs i s  shown i n  f i g u r e  3 .  The wave drag program ca lcu la tes  t h e  drag due Lo volume a t  
zero l i f t  using the  method of  reference ( 1 ) .  The method u t i l i z e s  a f a r - f i e l d  approach by r e l a t i %  Lhe 
drag t o  t h e  momentum flow outward through a l a r g e  cy l indr ica l  con t ro l  surface whose longi tud ina l  . 
t h e  f l i g h t  path.  Skin f r i c t i o n  i s  evaluated by t h e  Sommer and Short T' method of reference (2) witn the 
sk in  f r i c t i o n  of each component calculated and then summed. The drag-due-to-lift  ca lcu la t ion  u t i l l z e s  
t h e  Carlson-Middleton method of reference (3) and uses a near-f ie ld method whereby d i f f e r e n t i a l  pressures  
a r e  calculated over the  mean camber plane of  t h e  configurat ion.  

The sum of  these  drag components y i e l d s  the  b a s i c  drag po la r .  Performance analysis ,  however, reqiures  
drag polar  f o r  the  configurat ion i n  a trimmed condition. U n t i l  recent ly,  it has been necessary t o  o b t ~ l n  
pitching-moment curves and control  increments from wind-tunnel data  i n  order  t o  e s t a b l i s h  trimmed drag 
po la rs .  The drag-due-to- l i f t  program has been modified t o  provide control  increments f o r  t a i l l e s s  
configurations and t o  provide s t a b i l i t y  l e v e l s  and control  increments f o r  wing-horizontal t a i l  coniigu?;ura- 
t i o n  and f o r  canard-wing configurat ions.  

The method u t i l i z e d  i n  t h e  drag-due-to- l i f t  program i s  i l l u s t r a t e d  i n  f i g u r e  4. The mean camber plane i s  
represented i n  the  program by a g r i d  element system, each block of  which i s  inc l ined  t o  t h e  flow a t  an 
angle determined by t h e  camber plane i n  t h a t  region. For an uncambered wing, t h e  i n c l i n a t i o n  angles a r e  
a l l  zero. 

Consider a p a i r  of elements i n  t h e  g r i d  system. The forward element (coordinates  L, N) generates a down- 
wash w which a f f e c t s  a l l  the  elements i n  the  t r a i l i n g  Mach cone. The d i f f e r e n t i a l  pressure ACp , a t  t h e  
f i e l d  point  L*, N* i s  calculated from t h e  inf luence of t h e  element L, N (and a l l  o ther  elements I n  the  
f o r e  Mach cone from t h e  f i e l d  po in t )  using the  equation shown. The term azc/ax i s  t h e  slope of the  
camber surface a t  the  f i e l d  po in t .  The term A(L, N) i s  a weighting f a c t o r  f o r  g r id  element s i z e  allowing 
p a r t i a l  g r id  elements t o  be used along t h e  leading and t r a i l i n g  edges. The term T? i s  a n  inf luence func- 
t i o n  ind ica t ing  t h e  f i e l d  point  pos i t ion  i n  t h e  downwash o f  t h e  preceding elements. The ca lcu la t ion  
process begins a t  t h e  apex and proceeds across  each g r i d  element row while proceeding toward the  t r a i l i n g  
edge. Thus t h e  d i f f e r e n t i a l  pressure of each element i n  t h e  fo re  Mach cone of each f i e l d  point  has pre- 
v ious ly  been calculated.  Simultaneously, ca lcu la t ions  a r e  made f o r  t h e  planform a s  a f l a t  p l a t e  a t  lo 
angle of a t t ack .  Once t h e  d i f f e r e n t i a l  pressures  over t h e  sur face  a r e  known, they a r e  in tegra ted  t o  pro- 
vide force  and moment coef f ic ien t s .  A superposi t ion technique using t h e  f l a t  p l a t e  and cambered wing 
da ta  provides f o r  t h e  v a r i a t i o n  of drag with l i f t .  

A more de ta i led  explanation of t h e  numerical so lu t ion  can be found i n  references (3) and (4 )  



'_'he modifirations made t o  t h e  program t o  account f o r  a  hor izon ta l  t a i l  a r e  shown i n  f i g u r e  5. The wing 
2nd forebody a r e  rlandled i n  a  manner much t h e  same a s  the  o r i g i n a l  program. The afterbody and hor izon ta l  
4311 have been added and t h e  gr id  system extended a s  shown on t h e  r i g h t  s ide  of  the  sketch. The region 
cutbonrd of t h e  body, a f t  of t h e  wing t r a i l i n g  edge, and forward of t h e  t a i l  leading edge i s  a  region of 
~ e r o  loadlng; t h a t  i s ,  the re  i s  no sur face  within t h i s  region t o  support a  pressure d i f f e r e n t i a l .  Grid 
elements on -che t a i l  a r e  s t i l l  influenced by the  p a r t  of the  wing within t h e i r  f o r e  Mach cones, and these 
vrng pressures a r e  included i n  t h e  ca lcu la t ion  of t h e  t a i l  pressure d i s t r i b u t i o n s .  

Some of tne  general c h a r a c t e r i s t i c s  of the l i f t i n g  surface programs a r e  l i s t e d  on f igure  5. The mean 
camber plane input  t o  t h e  program may be  cambered and twisted or  a  f l a t  p l a t e .  The forebody may be 
c-qbered ind t h e  wing planform i s  a r b i t r a r y .  For the  h o r i z o n t a l - t a i l  program spec i f ica l ly ,  the  t a i l  may 
be of a r b i t r a r y  planform and control  inputs  may be  f o r  e i t h e r  a  f u l l  s l ab  t a i l  de f lec t ion  or  def lec t ion  
of e leva tors  on the  t a i l .  

It should be noted t h a t  the  program i s  r e l a t i v e l y  easy t o  use. Inputs  cons i s t  pr imari ly  of leading and 
- , ra i l ing  edge coordinates f o r  t h e  wing-body and hor izon ta l  t a i l ,  and streamwise camber l i n e s  composed 
of z coordinates a t  spec i f ied  percent  chord s t a t i o n s .  The g r i d  system i s  imposed within t h e  program 
~ n d  In interpolation rou t ine  assigns a  s u i t a b l e  def lec t ion  t o  each g r i d  element. The gr id  system shown 
on tne  s l i d e  i s  only a  crude representat ion;  i n  a c t u a l  p rac t ice ,  depending on Mach number, a  system 30 t o  
LO elements f o r  the semispan and 90 t o  100 elements i n  length i s  u t i l i z e d .  Computation time f o r  a  s ing le  
Mach r m b e r  and control  def lec t ion  takes approximately j minutes on a  CDC 6600 s e r i e s  computer, using 
70 003 o c t a l  s torage.  

Figure 6 sl~ows a comparison between experimental fo rce  and moment coef f ic ien t s  and est imates  made using 
the  horizontal  t a i l  program. The configurat ion i s  a  d e l t a  wing configurat ion with a  r a t h e r  close-coupled 
horizontal  t a i l .  A t  a  Mach number of  1.5 the  agreement between theory and experiment i s  exce l len t .  No 
:It-te~npt was made -to ca lcu la te  t h e  minimum drag l e v e l  f o r  any of the configurat ions i n  t h i s  paper, r a t h e r  
;he experiroental drag value a t  zero l i f t  f o r  undeflected controls  was added t o  t h e  estimated drag-due-to- 
l i f t  values. Drag increments due t o  control  def lec t ions ,  drag a t  l i f t ,  and t h e  pitching-moment data  a r e  
21-otted d i r e c t l y  from the program output .  The da ta  f o r  a  Mach number of 2.5 a r e  more t y p i c a l  of the  
program est imates  when compared with experiment, i n  t h a t  t h e  drag-due-to- l i f t  i s  s l i g h t l y  underpredicted, 
and the  s t e b i l i t y  l e v e l  s l i g h t l y  overpredicted. I n  general,  these discrepancies  can be a t t r i b u t e d  t o  t h e  
l i r ld ta t ions  of l i n e a r  theory, t h e  assumptions of  small angles and completely at tached flow. 

The overprediction of s t a b i l i t y  l e v e l  and t h e  underprediction of drag-due-to- l i f t  a r e  compensating f a c t o r s  
rihen a  zrln. drag a o l a r  i s  calculated i n  t h a t  the  t h e o r e t i c a l  da ta  t r ims a t  a  lower CL f o r  a  given t a i l  
def lectson but  a t  a, lower drag l e v e l .  The t h e o r e t i c a l  t r i m  drag polar  i s  shown by t h e  heavy l i n e  and the  
exper2menLsl t r i m  points  by t h e  s o l i d  symbols. 

Figure 7 shows estrmated and experimental d a t a  f o r  another horizontal  t a i l  configurat ion.  I n  t h i s  example, 
,he configuration has an arrow wing and t h e  separat ion between wing and horizontal  t a i l  i s  somewhat g rea te r  
"Ahan l o r  tne prevlous configurat ion.  The s t a b i l i t y  l e v e l s  again a r e  somewhat overpredicted and the  drag- 
d u e - t o - l i f t  s l l g h t l y  underpredlcted. I n  t h e  case of t h e  d a t a  f o r  Mach number 1.41,  the  C% increments 
I r e  overpredicted by about 25 percent .  Whether t h i s  d i s p a r i t y  i n  C m ,  i s  pecu l ia r  t o  t h i s  configuration 
br 1s general ly  t r u e  f o r  configurations with l a r g e  separat ions of wing and hor izon ta l  t a i l  w i l l  r equ i re  
~ u r t n e r  i w e s t i g a t i o n .  

Is mentroned e a r l i e r ,  t h e  bas ic  l i f t i n g  surface program was a l s o  modified t o  handle a  canard-wing 
;onfiguration. F ~ g u r e  8 shows i n  schematic how t h i s  i s  accomplished. The method i s  much the  same a s  
chat used Tor the  inc lus ion  of a  horizontal  t a i l  except t h a t , f o r  t h i s  case, the control  surface i s  ahead 
of the  wsng and t h e  region of zero loading i s  outboard of t h e  body, a f t  of t h e  canard t r a i l i n g  edge, and 
rorward of the  wing leading edge. Note t h a t  a s  f o r  a l l  t h e  programs i n  t h i s  se r ies ,  p a r t i a l  g r id  elements 
o re  used t o  b e t t e r  def ine the  leading and t r a i l i n g  edges of a l l  surfaces.  I n  add i t ion  t o  t h e  fea tures  of 
the other  programs, t h i s  program allows f o r  an a r b i t r a r y  planform canard, but  i s  r e s t r i c t e d  t o  def lec t ions  
31" the e n t i r e  canard surface; t h a t  i s ,  the provision f o r  def lec t ing  a  t rai l ing-edge canard f l a p  i s  not 
lncluded a t  t h e  present  time. 

Figure 9 shows a comparison between theory and experiment f o r  a  d e l t a  wing configurat ion with a  canard 
control  surface.  A t  a  Mach number of 1.41, the  zero l i f t - d r a g  increments and increments i n  Cmo due t o  
control  def lec t ion  a r e  predicted q u i t e  well .  The s t a b i l i t y  l e v e l s  a r e  again s l i g h t l y  overpredicted. The 
drag-due- t o - l i f t  v a r i a t i o n  i s  accurately estimated with t h e  exception of the  da ta  f o r  the 15' canard 
def lec t ion .  I n  t n i s  case i t  appears t h a t  the  experimental value i s  unexplainably low. I n  general,  between 
l o o  ~ n d  15' control  s e t t i n g ,  a s i z a b l e  experimental drag increment occurs a t  a l l  l i f t  coef f ic ien t s .  
I n  t h i s  case, f o r  the higher l i f t  coef f ic ien t s ,  the  experimental drag increment i s  of t h e  same order a s  the  
-ncremenL between smaller control  def lec t ions .  A t  the  higher Mach number, t h e  cor re la t ion  i s  much the  
same; however, the  drag increment f o r  t h e  maximum canard def lec t ion  i s  i n  b e t t e r  agreement than i t  was a t  
the lower Mach number. 

D7za f o r  2 second canard configurat ion a r e  shown on f igure  10.  The configurat ion i s  i d e n t i c a l  t o  t h e  
previous configuration, except t h a t  i t  has a  t rapezoidal  wing. The c o r r e l a t i o n  between theory and experi- 
,nent i s  q u l t e  good. The-stability l e v e l  i s  overpredicted by about 4 percent  c  a t  the lower Mach number 
2nd by about 2 percent c  a t  t h e  high Mach number. Drag-due-to-lift i s  s l i g h t l y  underpredicted a t  the  
Lower Macn number, and t h e  increment i n  C m ,  f o r  t h e  maximum control  def lec t ion  i s  s l i g h t l y  overpredicted 
aL both Mach numbers. Because the  o ther  Cm,  increments a r e  predicted so well ,  t h i s  ind ica tes  t h a t  the  
r ~ r l a t i o n  of C, with canard def lec t ion  angle has become nonlinear between 10' and 1 5 O  and, of course, 
the t h e o r e t i c a l  method used herein does not  account f o r  such nonl inear i t i es .  

r sgwe 11 shows a cor re la t ion  between experiment and theory of the  s t a b i l i t y  and control  parameters f o r  
Lne two programs shown thus f a r .  The d a t a  cover several  configurations i n  add i t ion  t o  t h e  ones which have 
aeen presented i n  t h i s  paper. The c i r c u l a r  symbols a r e  f o r  horizontal  t a i l  configurations; t h e  square 
synbols represent  canard configurat ions.  The s o l i d  l i n e  represents  per fec t  agreement between theory and 



experiment. The Cmo increments show general ly  good agreement; f o r  t h e  most p a r t ,  the  estimated values 
a r e  between zero and 15 percent high. For the  s t a b i l i t y  parameter, AC,/AC~, the da ta  f a l l  on e i t h e r  s ide  
of the  l i n e  of per fec t  agreement; f o r  a majority of cases t h e  s t a b i l i t y  parameter i s  s l i g h t l y  overpredicted. 
Examination of the  data  f o r  both parameters revealed no p a r t i c u l a r  p a t t e r n  r e l a t e d  t o  Mach numbel-. The 
canard c o n f i ~ u r a t i o n s  general ly  appear t o  cor re la te  b e t t e r ;  however there  were fewer of these c o n f i g u r e t i o ~ s  
examined and thus no conclusions a r e  drawn a s  t o  t h e  r e l a t i v e  mer i t s  of the  two programs. 

The t h e o r e t i c a l  method of t h i s  paper assumes a planar  system, t h a t  i s ,  a l l  the  g r i d  elements l i e  i n  a 
constant z plane. To i n d i c a t e  t h e  magnitude of e r r o r  t h a t  occurs when t h e  configuration does not 
s a t i s f y  t h i s  assumption, da ta  a r e  shown i n  f i g u r e  12 f o r  a configuration with a horizontal  t a i l  located 
above o r  below the  wing plane. 

The upper p a r t  of t h e  f i g u r e  shows t h e  experimental d a t a  f o r  the  two t a i l  pos i t ions  a t  two Mach numbers, 
The present  method which, of course,yields a s ing le  curve, i s  shown by a s o l i d  l i n e .  For comparison, a 
pred ic t ion  made using t h e  Nielsen-Kaattari method ( r e f .  ( 5 ) ) ,  which i s  a l s o  a planar  method, i s  shown. 
The bottom p a r t  of t h e  f i g u r e  shows the  da ta  a s  a funct ion of angle of a t t ack ,  with t h e  body-tai l  moment 
contr ibut ion subtracted out so t h a t  t h e  remaining increment i s  the  wing contr ibut ion plus t h e  e f f e c t  of 
the wing on the  hor izon ta l  t a i l .  It appears t h a t  t h e  p r i n c i p l e  e f f e c t  of t a i l  loca t ion  on Cmo, f o r  t'nis 
configuration, i s  the  r e l a t i o n  of the  t a i l  t o  t h e  body, r a t h e r  than t h e  r e l a t i o n  of t h e  t a i l  t o  the  wing. 
Regardless of t h e  cause f o r  the  Cm, change, t h e  present  method does not  account f o r  it, and a s  can Se 
seen from the  bas ic  da ta  a t  the  top of the  f igure ,  t h e  e f f e c t  can be r a t h e r  s i g n i f i c a n t .  Thus, f u r t h e r  
study i s  indicated i n  t h i s  a rea .  

Final ly,  an attempt was made t o  modify t h e  bas ic  program t o  ca lcu la te  control  c h a r a c t e r i s t i c s  for- t a l l l e s s  
configurat ions.  This merely consisted of assigning t h e  desired control  def lec t ion  t o  a l l  g r ld  elements 
which f a l l  within the f l a p  or  elevon planform. A cor re la t ion  f o r  two configurat ions with t rai l ing-edge 
controls  i s  shown on f igure  13. The configuration on the l e f t  has t rai l ing-edge controls  over approximately 
70 percent of  t h e  span. For the  configurat ion on t h e  r i g h t ,  t h e  controls  extend approximately 30 percent 
of t h e  span. The drag-due-to- l i f t  es t imate f o r  both configurations i s  considerably lower than the experi- 
mental data .  This was unexpected because, f o r  zero control  def lect ion,  the  modified program 1 s  t h e  sarre 
as  the  bas ic  program which general ly  gives much b e t t e r  est imates .  The increment i n  Cmo f o r  the conf~gu-  
r a t i o n  with t h e  wide span f l a p s  i s  somewhat overpredicted. This d i f fe rence  between theory and ex~er ln len t  
can be r e l a t e d  t o  t h e  r e s u l t s  of  reference ( 6 ) ,  where i t  was shown t h a t  controls  i n  t h e  v l c i n i t y  of the  
wing t l p ,  operating i n  a region where a e r o e l a s t i c  deformation and flow separat ion can occur, y ~ e l d e d  
experimental increments only 70 percent of the  estimated increments. For t h e  configuration with tne  sliort 
span controls ,  t h e  drag and moment increments f o r  t h e  10' de f lec t ion  a r e  good; f o r  the  20' defiec:lon, 
only f a i r .  The s t a b i l i t y  l e v e l s  f o r  both configurations a r e  s l i g h t l y  overpredicted. 

CONCLUDING REMARKS 

A method has been discussed i n  which the  Carlson-Middleton numerical so lu t ion  f o r  l i f t i n g  surfaces can be 
extended t o  include a horizontal  t a i l  o r  canard. I n  general,  t h e  method s l i g h t l y  overpredicts  s t - ,b l l l ty  
l e v e l s ,  and pred ic t s  r e l a t i v e l y  well drag increments and increments i n  C m ,  due t o  control  deflections. 
The so lu t ion  i s  f o r  a planar  system, and s i g n i f i c a n t  e r rors  may be introduced i n  the  predicted dnL; i f  toe  
control  surface i s  well out  of t h e  wing plane.  
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Figure  1. Complex of com~)u%er programs f o r  supersonic a i r c r a f t  design dnd ev-ilu- lo- 
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Figure  2 .  Computer drawings of  numerical models. 
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Figure  3 .  A coqpos i t e  system o f  supe r son ic  d r a g  a n a l y s i s .  
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F i g u r e  4. L i f t i n g - s i ~ r f a c e  r e p r e s e n t a t i o n .  
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@ OPTIONAL ELEVATOR DEFLECTION 

Figure  5 .  Wing horiz,onto.l-  t;:til c o ~ ~ f i g u r s i i o n .  
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Figure 6 .  Delta-wing corifiguration with horizontal  t a i l .  

Figure 7. Arrow-wing configuration with horizontal  t a i l .  
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Figure 8. Canard-wing configurat ion.  



Figure 9. Delts-wing configuration with canard 

Figure 10. Trapezoidal-wing configuration with canard. 
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Figure 11. Theoretical and experimental stability and control parameters. 
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Figure 12. Effect of vertical location of horizontal tail. 
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Figure 13. Configurations with trailing-edge controls. 




